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OPTIMAL CHELANT/COPPER RATIOS 
FOR MAXIMIZING COPPER SOLUBILITY IN NATURAL WATERS 


USING CITRIC ACID AND TRIETHANOLAMINE 


by Raman K. Raman and Billy K. Cook 


INTRODUCTION 


Taste and odor problems that plague waterworks using 
impoundments as a source can most often be attributed to algal 
blooms, mainly blue-greens CSigworth, 1957). These taste and 
odor problems are compounded by other problems such as reduced 
filter runs, increased chemical costs, etc. Physical solutions 
to the problems such as harvesting of algae or control of 
excessive nutrient inputs can be extremely costly and time 
consuming in comparison to chemical methods of bloom control. 
Although several types of algicides are commercially available, 
copper formulations seem to enjoy the greatest popularity due 
in part to their relatively tow toxicity to higher organisms, 
particularly fish, when applied at accepted algicidal levels 


(Mackenthun and Cooley, 1952). 


The relatively low toxicity of copper to humans is 
reflected in finished water quality standards, which set the 
maximum allowable concentrations of copper at 5.0 mg/liter 


CPollution Control Board, 1982). According to Water Quality and 


Ireatment (1950), copper may be beneficial or even essential 
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for the growth of living organisms. The USEPA h&s proposed an 
RMCL Ci.e., Recommended Maximum Contaminant Level) for copper 
of 1.3 mg/L in drinking water. The average daily human intake 
of copper from water and foodstuffs is generally about 2-5 mg. 
Richey and Roseboom (1978) have also demonstrated that the 
14-day TL-50 Ci.e., the concentration at which a 50% mortality 


occurs within 14 days in an acute toxicity flow-through test) 


for biuegill and channel catfish, native to Illinois, is an 
order of magnitude higher than accepted algicidal levels. 
The toxicity of copper to nuisance phytoplankton 


populations in recreational and water supply lakes has been an 
accepted fact since the turn of the century (Moore and 
Kellerman, 1904). Copper sulfate pentahydrate has been the most 
widely used algicide in the United States, with yearly 
applications approaching 20 million pounds (Fitzgerald, 1971). 
However, alkaline, hard waters, such as those found in’ central 
and northern Illinois lakes, are known to require greater 
copper sulfate "loading" for effective algicidal action 
(Mackenthun, 1969; Fitzgerald, 1971) due to rapid conversion of 
copper to possibly non-toxic forms by hydrolysis, complexation, 
adsorption, and precipitation reactions with inorganic species 
common to fresh waters (Sylva, 1976). This is particularly true 
in central Illinois where alkalinity and hardness are. high, 


with pH’s in the range of 7.5 to 8.5 (Stiff, 1971a). 


Figure 1 Cfrom Sylva, 1976) shows the speciation of copper 
in typical fresh waters as a function of pH. The most rapid 


changes in copper chemistry occur in the pH range 6.5 - 8 such 
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that less than 10% of the copper present at pH 8 is in the form 
of cupric ions. Hydrolysis and precipitation products dominate 


the chemistry of copper at this pH. 


Stable complexes of copper with organics typical of fresh 
weters, such as Wumic and fulvic acids produced by decaying 
vegetation, also tend to reduce the concentration of available 
copper (Shuman and Woodward, 1977; McKnight, 1981; Sylva, 


1976) . Likewise, Gachter and others (1978) point to the 


possibility that complexation by macromolecular organic 
material in lake water may be ecologically significant in 
regulating the availability of copper to aquatic organisms. 


Adsorption of copper onto suspended solids is considerable 
above pH 6.5 (James and Healy, 1972) and plays a significant 
role in the reduction of total dissolved copper (TDCu). Studies 
by Wagemann and Barica (1979) indicated that the rate of 
disappearance of copper was always slower in filtered than in 
unfiltered samples. Results bY Stiff C1i971b) also point to the 
presence of suspended solids having a profound effect on the 


physical state of copper in aquatic environments. 


These mechanisms of copper "loss" make it Givftiewit at 
best to maintain a 0.1 to 0.3 mg/L concentration of dissolved 
copper necessary for algicidal action (Mackenthun, 1969; 
Muchmore, 1978). But in order to do so, applicators have simply 
increased frequency and dosages in order to "“overpower" the 
effects of precipitation, complexation, and adsorption. 


Currently, no specific guidelines exist for the amount or 
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frequency of chemical application to water supply 
impoundments. For waters with alkalinity greater than 40 mg/L, 
Mackenthun C1969) advocates the application of copper sulfate 


at a rate of 1 mg/L as CuSO, 5H,0 (0.25 mg/L as cut?) for the 


upper 2 feet of water regardiess of the actual depth of 
impoundments. On an acreage basis, this concentration amounts 
to 5.4 Ibs/surface acre. For waters with alkalinities less 


than 40 mg/L, Mackenthun recommends application rates of 0.3 
mg/L as copper sulfate pentahydrate. Fair et Auli (1971) 
recommend raising copper sulfate dosages by as much as 5% for 
each 10 mg/L of alkalinity as Caco. . In addition, even larger 


dosages may be indicated as algae shift to more resistant 


species (Hanson and Stefan, 1984). 


This increase in application rates not only increases the 
cost of maintaining water quality in an impoundment, but also 
intensifies long-term effects associated with elevated copper 
dosages, such as in the Fairmont Lakes, Minnesota (Hanson = and 
Stefan, 1984). These effects may include a) copper accumulation 
in sediments, b) tolerance adjustments of certain species of 
algae, c) shift of species from green to blue-green algae and 
from game fish to rough fish, d) disappearance of macrophytes, 
and e) reduction in benthic macroinvertebrates (Gibson, 19723 
Iskander and Keeney, 1974). These cumulative side effects point 
to the need to reduce dosage requirements by enhancing’ the 


solubility of copper in a natural system. 


Although the use of chelating agents, such as citric acid 


monohydrate (Kothandaraman et al., 1980; stern -etial..» 1978) 
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and triethanolamine, or TEA CApplied Biochemists, Inc., 1976) 
has been demonstrated to enhance copper solubility in surface 
water impoundments Clllinois Natural History Survey, 19175; 
Gelfand, 1946), copper sulfate continues to be used alone in 
most cases. THis. he pug! ing:.ia Irom of the fact that when 
algal blooms form, the pH is typically about 8.0, in which case 


the precipitation and complexation of the copper is imminent. 


The continued use of copper sulfate alone is due partly to 


the lack of published research outlining desirable chelants and 


optimum copper/chelant ratios, but mainly to the non-uniform 
speciation in U.S. surface waters. The latter has made it 
extremely difficult to empirically determine the optimal, i.e., 


most cost effective, copper/chelant ratios to maintain an 
algicidal copper concentration. Given the advantage o f 
premixing and elevated levels of chelants, commercial copper 
formulations, e.g., Cutrine, AV-70, etc., can ensure initially 
high concentrations of the complex, which may or may not be 
stable in the treated lake as outlined in disclaimers which 
accompany these algicides. Non-uniform speciation makes some 
products more effective than others in different regions of the 
country depending on the stability of the complex vs. 


competition for the copper. 


Sylva (1976) indicates that at pH 8 a prospective ligand 
would need an effective formation constant on the order of 10° 
to effectively bind free copper ions in a natural system. This 


is by no means a hard-and-fast rule, as competition effects for 


free copper ions can vary greatly from system to system, but it 
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does place some doubt on the efficacy of Cart mite acid 
monohydrate and triethanolamine as chelating agents considering 
their relatively smal! stability constants (Sillen and Martell, 


1964). 


Another important aspect of copper chelation is the issue 
of whether chelated forms of copper or soluble copper salts 
retain their algicidal effect. McKnight (1981) maintains that 


the toxicity of copper is determined by cupric ion activity and 


not by the total copper. concentration. Wagemann and Barica 
(1979) introduced their "total toxic copper" concept, which, in 
the absence of chelating agents, included Cur: CuCOH),, and 


CuOH’. From Elder and Horne (1978): 


Complexation of copper is generally assumed to 


reduce the availability of the metal for biological 
uptake, although not necessarily by removing it from 
solution €Horne and Goldman, 1974). On the other 


hand, Gachter and others (1974) and Sylva (1976) 
correctly pointed out that this assumption has not 
been experimentally verified and it is entirely 
possible that some or all natural copper complexes 
are actually available. 


Some studies have indicated that precipitated copper salts 
and copper-citric acid complexes are no less effective as toxic 
agents even when tested with different algae in which required 
concentrations for toxicity varied from 0.5 to 1.0 mg copper 
sulfate/L (Fitzgerald, 1963). It should be noted that the study 
conducted by Fitzgerald (1963) indicated that the toxicity of 


copper to bluntnose minnow and several sunfishes was reduced in 
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the presence of citric acid without its algicidal properties 
peung atfected<’ Stern and others €1978), along “with: Guy and 
Kean (1979), have similarly verified that citric acid has no 


adverse effects on the algicidal properties of copper sulfate. 


On the other hand, strong chelants such as NTA or EDTA are 


known to partially or completely counteract copper tloxni-caiety 
CHorne and Goldman, 1974; Gachter, 1978). This would indicate 
that a delicate balance must be sought between the ability of 
an added jJigand to inhibit precipitation and its interference 
in biological uptake. Citric’ acid appears to lie on the 


razor’s edge. 


Virtually no information is available on the toxicity of 
copper-triethanolamine complexes to blue-green algae even 
though several formulations are currently on the market. In 


light of its success in the field one would assume its efficacy 
as an algicide. However, the Illinois Pollution Control Board 
CEnvironmental! Register, November Ts 1985) found that 
copper/triethanolamine complexes were not suitable as public 
water supply algicides because of the possibility of adverse 
health effects relating to mutagenicity and carcinogenicity. 
Garric acid, on the other hand, presents no such problem with 
human consumption as outlined in the Federal Food and Drug 


Administration's Food Chemical Codex. 
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by the Illinois Department of Energy and Natural Resources. The 
study was conducted under the general guidance and supervision 
of Richard J. Schicht, Acting Chief of the Iilinois State Water 


Survey. 


Our appreciation also goes to Tom Holm of the Aquatic 


Chemistry Section of the [Illinois State Water Survey for his 
consultation on the project. Other Water Survey personnel who 
contributed to this investigation include Gail Taylor, who 
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OBJECTIVES AND SCOPE 


This study is concerned primarily with enhancement of 
total dissolved copper (TDCu) by chelation rather than with the 
algicidal effectiveness of the various forms of copper. | f 
precipitation of the copper by inorganic anions can be 


inhibited by the presence of a chelating agent such as citric 


acid monohydrate or triethanolamine, it follows that dosages 
necessary to maintain algicidal action can be minimized. This 
would not only reduce the ecological impact of long-term copper 


sulfate applications but would also result in an enormous 
reduction in water treatment costs incurred by municipalities 


using surface impoundments as drinking water sources. 


The work itself involved the correlation of percent copper 
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loss with hardness, alkalinity, pH, and suspended solids along 
with the Ba ecintna tion of minimum chelant/copper ratios 
necessary to maximize copper solubility. Included in this 
report is a comparison of the relative stability of 
copper-citric acid vs. copper-triethanolamine complexes. 
Thus, guidelines were established for the relative 
concentrations of chelant and copper necessary for maximum 


copper solubility under given water quality conditions. 


MATERIALS AND METHODS 


For the laboratory evaluation it was necessary to choose 
lakes with typically high alkalinity and hardness in order to 
accurately simulate real lake conditions. Lake Canton (230 
acres) and Lake Eureka (37 acres) both exhibit alkalinities in 


the range of 160 to 230 mg/L as CaCO, with a pH range of 7.4 to 


3 


8.4, providing ample precipitation and complexation reactions 


for the purposes of this experiment. To provide comparison, 
Rend Lake (Benson, IIlinois, 18,900 acres) with alkalinities of 
40-75 mg/L as Caco, was chosen as a relatively soft, low 


alkalinity lake. 


Both Lake Eureka and Lake Canton have had occasion to 


treat algal blooms with copper sulfate in the past. However, 
with the installation in recent years of 
destratification/aeration systems in both lakes, these 


treatments have been minimized. 


Bulk samples Capproximately 60 liters) were obtained from 
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the top 2 feet of the lakes at their deepest points (figure 2). 


Table 1 contains the background analysis of each bulk lake 
sample including total and soluble metals, hardness, 
alkalinity, pH, suspended solids, chioride, sulfate, and 
conductivity. All analyses were performed as per Standard 


Methods CAPHA, 1980). 


Bulk samples from each lake were divided into 250-mL 
subsamples which were initially dosed with sufficient copper 
sulfate to provide a theoretical copper concentration of 0.1 
mg/L as ee A chelating agent (for example, Citric. aed 
monohydrate) was premixed with the copper sulfate spikes in 


incremental amounts providing weight/weight ration: of copper 


sulfate pentahydrate/chelant from 1:0 to 1:9. These premixed 


‘spikes were allowed to stand 15 minutes. In addition, a 
distilled water blank was also dosed with copper to provide a 
recovery comparison. Following addition of the copper/chelant 
premix, samples were well mixed and allowed to equilibrate for 
2 hours. Next, 50-ml portions of each subsample were filtered 


(0.45 um), acidified (1 mi 1+1 HNO,), and analyzed for soluble 


copper by flame atomic absorption as per Standard Methods 
CAPHA, 1980). The subsamples were agitated by means of an 
Eberbach shaker table for 24 hours to inhibit settling, and the 


analysis was repeated. 


Each and every copper/chelant ratio experiment was run in 
triplicate to ensure accuracy and precision. These tests were 
repeated with copper sulfate pentahydrate dosages sufficient to 


provide theoretical copper concentrations of 0.2 and 0.3 mg/L 
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as cute Atl of the above procedures were repeated with 


triethanolamine CTEA) as the chelating agent. 


Spring bulk samples were collected from Lake Canton, Lake 
Eureka, and Rend Lake on April 12, May 3, and June 7, 1985, 
respectively. Also, summer samples were collected from these 
three lakes on June 28, September 1/0; and August 14, 1985s 


respectively. 


A follow-up study involving tne use. of  Cutrhine, a 
commercially available copper/triethanolamine algicide, 
required an additional sampling of Lake Eureka on December Jey. 
The pH, alkalinity, and hardness of this sampling were 8.02, 
181 mg/L, and 228 mg/L, respectively, and these values are not 
included in the water quality data table for bulk samples. In 
this study, 250-m!i subsamples from Lake Eureka were spiked with 
sufficient Cutrine to provide theoretical copper concentrations 
of 0.2, 0.5, and 0.8 mg/L as Cu (dosage requirements listed 
by Applied Biochemists, the manufacturer, range from 0.4 mg/L 

2 


to 1.0 mg/L as Cu’ .. Identical volumes of distilled water, 


spiked at the same concentrations, served as the control. 


As in previous experiments, each copper concentration was 


run in triplicate to ensure precision. Cutrine-spiked 
subsamples were then well mixed and allowed to equilibrate for 
2 hours. Next, 50-ml aliquots of each subsample were filtered 


(0.45 um), acidified (1 ml 1 + 1 HNO.) and analyzed for copper 


by flame atomic absorption as per Standard Methods (APHA, 


1980). This analysis was repeated at 24, 48, and 96 hours to 


ll 


= | 


by iS oat Py 
eie@ar eve wanUbO2O Te HEME oe ewe 
ihege gnitatad Powe os 
as . . ; 
e4al mov! beam \ @fen ef 
<_e ; + Sethe 
\ ee a2 
| ae 48 eZ 7 +r 
weldolias ovMw Celanese Semmes --O8TA i: 
Met, vas Ot: ssdhel gue as ‘savh one 
7 } ; _ ~*~ Ta 
= aa J “is a ; 
wv, | be 7 7 
' . J eAiviove .eure Qu ew ih » 
. “a 4 
ne rl (IA Legages o1dbt lata AN 
ag 7 a 
| | ee. 
dal Veo onriqmaes ianoed (him om 
“ « * i 0 Saentoan qikeal 
: . a 
ni weet? bas yviewita@gqes? , J \gm nts 
; [ ‘= 
i ae dat (27ad villeva \ef/aw attey 
e ye 9 WwW setvad *#€24 O11 oo 'nmaeacue tmnoe a vt! 
y oo Meal tetoes'. abe ot ™ pin 
vs itetess — ‘ge? R * an 
e on "| gon "ue ae Von 4 z yaee 
i ¢ 
ul é .1Te3uv)setlunenm,. -en7 etaimedovie@ 7 
\ 7 ' ta is 
Ai 7 ¢s 1 
w " j ’ eenyv (ov baeoltaegi { ug “ea S 
' = . 7 - us 7 
j ei BeViIse ,eealivrvingotios emee pd 
‘o%, 
an 7 
) ca | f s = 
ring ‘euqged dsee .a?eemiseaks eyorvar@ ome 
; ee 
‘ee rnaiw? , aweret ba, PvE or Aba 7 
: oe 
ne iwpe OF bewolta bnew bes in ite neal a J 
Bee cian es lqnandus d286 Ye etaugt th moe. Rei 
wesytens. vne Cowie * im tm 1) owl tie jest 
ms ” i i as & 
nb id Laisa te ‘eq ta. Wei Mesenda” “i : 
re 2 Sean. 
mi Be. ie co ons hs aioe wo oley, 
. “=e. ve Yul ‘ a ao 


iy! 
T 


provide a look at the viability of the copper/triethanolamine 
complex when extended equilibration time for the comp i ex is 


allowed. 


In order to monitor copper loss over an extended period, 
an experiment involving one Lake Eureka sample (collected on 
March 18) containing a 0.25-mg/L cus? spike and another 
containing the copper with sufficient citric acid monohydrate 
to provide a 1:1.25 (Cw/w) ratio (Cas CuSO, 5H,0/C,H,0, H,0) was 
extended to include 48-hour and 96-hour TDCu analyses. In 
addition, this sample was split, with a portion filtered prior 


to spiking in order to look at the role played by suspended 


solids in the toss of soluble copper. 


Average results of each copper analysis.can be seen in the 


appendix. 


RESULTS AND DISCUSSION 


ad bi) oC iGhalhans ine tt 


Background water quality data for Lake Eureka, Lake 
Canton, and Rend Lake including pH, alkalinity, hardness, 
chloride, suspended solids, conductivity, and total and soluble 
metals can be seen in table 1. Figures 3a-3f indicate the 
dissolved copper concentration in the aforementioned lake 
subsamples with copper/chelant ratios of 1:0 to 1:9 for both 


citric acid and triethanolamine for three different initial 
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copper concentrations and two different contact periods. Each 


plot indicates dissolved copper concentrations after a 2-hour 
equilibration period and again after 24 hours of constant 
mixing. Spring and summer runs for each of the lakes are 


illustrated separately. 


Individually, these experiments do not reveal a clear 
"Dlateau" where additional chelant has no added enhancement 
effect. However, if the data from all the lake experiments are 


combined in terms of percent copper remaining in solution vs. 
copper/chelant ratio, a plateau does emerge for the higher 
copper concentrations. Figures 4a-4d indicate the average 
percent copper remaining in solution for all the lakes versus 
the copper/chelant ratio (w/w) when spiked at the 0O.3-mg Cu/L 
concentration. These plots indicate that enhancement of the 
copper solubility begins to level off near a 1:5 (w/w) ratio of 
CuSO, 5H,O:chelant. This appears to be the case for both citric 


4 2 


acid and triethanolamine. 


A close examination of these plots indicates that although 
citric acid has. an initial tenacity, maintaining higher levels 
Sieseoiuble copper than did the TEA for the first 2 hours, the 
rate of copper loss over 24 hours is less for the TEA samples, 
resulting in comparable copper concentrations for both chelants 
after 24 hours. Since stability constants for these two 
chelating agents are relatively similar, this could be due to 
the fact that citric acid is not stable in aqueous solution at 
very low concentrations and begins to degrade (Merck Index of 


Chemicals and Drugs). Triethanolamine, on the other hand, is 
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more stable over extended periods and low concentrations. 


It is clear from figures 5a-5d and 6a-6d that this 
enhancement effect decreases as expected when initia! copper 
concentrations are decreased. Figures 6a-6d show that at 
copper concentrations on the order of 0.1 mg Cu/L, no clear 
plateau exists, indicating that at or near these concentrations 
of copper and chelating agent, there is little or no 


contribution to the total dissolved copper by these complexes. 


Even though application rates and frequency may vary from 


lake to lake, dissolved copper concentrations in treated lakes 
should remain in the range of 0.1 to 0.3 mg/L as biologically 
available copper for required algicidal effects. Figures 7a-7d 


indicate the average percent copper remaining in solution for 
all three copper spike concentrations. These averages include 
all three fakes and both the spring and summer runs. The 
resulting plots show a definite enhancement effect for both the 


citric acid monohydrate and triethanolamine, but the plateau is 


not nearly as well defined as in those representing higher 
concentrations. Still, it can be seen that for the first few 
hours, a copper sulfate pentahydrate to chelant ratio 


C(weight/weight) of at least 1:5 provides the maximum effect for 
the higher concentrations, with the necessary ratio increasing 


as initial copper concentration decreases. 


1t should be noted here that Stern et al. Crs7s), in 
their study of the algicidal effects of copper sulfate alone 


and mixtures of copper sulfate-citric acid, used a 
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weight/weight ratio of 1:8 at a copper sulfate concentration 
equivalent to 0.5 mg/L as cur? . Their study indicated that the 
meaiwcton of. citric acid increased the L/O/XEINC Jets Van) t copper to 


Microcystis, with no detectable adverse effects of the citric 


acid on the efficacy of copper sulfates 


In addition, field application studies using copper 
sulfate pentahydrate-citric acid monohydrate formulations of a 
173-0) 45 ratio and copper sulfate pentahydrate alone were 
performed in Lake Catherine CAntioch, I!linois). These studies 
fnanemated inhibition of precipitation in the presence of citric 


acid over a 24-hour period (Kothandaraman and Evans, 1980). 


Particulate Adsorption 


Gachter et al. (1978) and Wagemann and Barica (1978) have 
pointed out that adsorption of copper by solids can have a 
significant effect on the dissolved copper concentration. 
Figure 8 shows a clear comparison of percent copper remaining 


for a Lake Eureka sample analyzed over a period of 96 hours for 


both filtered and unfiltered subsamples, with and without a 
chelant. These results indicate a significant effect of 
sediments and seston on dissolved copper concentrations. In 


both the presence and absence of suspended sediments, the 
addition of citric acid enhanced the overall solubility of the 
copper, but a significantly higher concentration was maintained 
in the absence of solids. COn the onder .of. 50%. imore,...of. the 


initial copper remains in solution with no solids.) 
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These plots also indicate a levelling off of TDCu after 
about 48 hours. This may also be an indication. of the 
stability of these two copper complexes, as Wagemann and Barica 
(1978) beported that copper concentrations in their spiked lake 
samples continued to follow a nearly first-order decay with 


steady-state concentrations attained after 10 days. 


The 50% decrease in dissolved copper concentrations in the 
presence of suspended solids implies that adsorption plays a 


significant role in the loss of copper in natural waters. 


Cutrine Study 


A close examination of commercially available copper 
complexes reveals an elevated concentration of the chelating 
agent in most cases. This ensures high initial concentrations 
of the complex, allowing an advantage for the chelating agent 
in terms of competition for the copper once introduced into a 
natural system. Our examination of Cutrine, a 
copper/triethanolamine formulation, shows a 12105 erat io Volt 
elemental copper to chelating agent in the concentrate. 
Although this represents a ratio of only lice oe asm Cop pie, 
sulfate pentahydrate to TEA, the indeterminate equilibration 
time afforded the formation of the complex ensures high initial 
concentrations. Sinces« “tank) »mixing" is not allowed in 
}llinois, this pre-equilibration period is not available to 
water treatment operators unless costly commercial formulations 
are used. Dosage requirements !isted by Applied Biochemists, 


the manufacturer, as indicated earlier, range from 0.4 mg/L to 
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1.0 mg/L as cur? 

The faboratory Cutrine experiment involved spiking 
subsamples of the December 13 Lake Eureka sample with 
sufficient Cutrine to provide copper concentrations of OFZ, 
0.5, and 0.8 mg/L as Cs These samples were analyzed (for 
dissolved copper over a period of 96 hours; the results are 
shown in figure 9. These results also indicate a “Weve iting 
off" of the soluble copper concentration after about 48 hours. 


However, there Ws a seciean dienerit’ to using’? an initially high 


concentration of the Cu-TEA complex, as copper concentrations 


leveled off at much higher levels than in previous studies 
where pre-equilibration time was short. Although this enhances 
the solubility of the copper to a greater extent, the cost per 


treatment using Cutrine to control algal blooms is much higher 


than that of other current copper sulfate treatments. 


R ; ineyyad 


The results of this study bear out a strong correlation 
between copper loss and pH, alkalinity, hardness, conductivity, 
and suspended solids. Results of a stepwise multiple 


regression analysis applying the above parameters to copper 


loss are shown in table 2. Only data from the 0.3-mg Cu/L 
spikes for all three lakes, both spring and summer runs, were 
used in this analysis. Column 1 of the table lists the 
dependent variables, including percent copper loss at 2 hours, 


percent copper loss at 24 hours, and rate of copper loss in 


percent/day. The second and third columns show the regression 
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equations for each dependent variable and the multiple 


correlation coefficients. 


The regression equation for percent copper loss at 24 
hours shows a high degree of multiple correlation (Cr = 0.974), 
with pH, conductivity, hardness, suspended solids, and 


alkalinity representing the order of decreasing significance of 


the independent variables. it should be noted that these 
equations were developed without reference to causal, 
biological, and physical relationships, and it is entirely 


possible for statistical dependence to exist without causal 


dependence. 


SUMMARY 


It is evident from the results of this study that the 
formation of copper complexes such as copper-citric acid and 


copper-TEA does slightly inhibit the precipitation of copper 


from natural waters. However, it is still a matter of debate 
as to the toxicity of these complexes in their role as 
algicides. Regardiess of this issue, guidelines for the proper 


proportions of chelated copper formulations are a necessity in 
water treatment operations involving "on-site" preparations. 
This study indicates that any greater than a 1:5 (w/w) ratio of 


either copper sulfate pentahydrate:citric acid monohydrate or 


copper sulfate pentahydrate:triethanolamine results in little 
or no additional inhibition of copper precipitation. 
Regarding the relative stability of these two formulations 
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in natural waters, the results indicate an initial tenacity of 
the citric acid complex but tittle staying power in comparison 
fo the TEA formulation. Results also indicate that the 
enhancement of copper solubility by chelation with citric acid 
or TEA is not clearly evident until dissolved copper 
concentrations reach  aipipn omits Oa. TG as eu. Both 
complexes reached comparable concentrations of dissolved copper 
after 24 hours, and these concentrations were higher than~ in 
those samples where chelating agents were absent. However, the 


adverse health effects now associated with triethanolamine seem 


tee peant to citric acid as the chelant of choice. 


Suspended solids appear to play a very significant role in 
the loss of copper, as filtered samples retained nearly twice 
as much dissolved copper as corresponding unfiltered samples. 
Topics for further investigation might include the viability of 
premixing copper sulfate with chelating agents rather than 
making separate additions as is the case at present. Of 
primary importance is the debate as to the toxicity of chelated 
copper complexes to higher organisms and their effectiveness as 
algicides. This is obviousty fundamental to further research 


in this field. 


This study points to the need to carry out field scale 
investigations to determine BiG Gir Pees? Ch MI paige tits: Eee 
as a chelant within an economically and ecologically reasonable 
range (1:0.5 to 1:3) of copper sulfate pentahydrate to chelant 


ratios. 


a9 


ti a 
: i 


“a tS aes 
seney heir aa + os vont _ 


gt, 
é 


ve Kelamos b 
i. 
ihe Fe sume ~ AST 


> ~~ 
! eii% itaieds yd ere 


h i 78q900 " Ne tM 
halides. ° ucts a 


: a 
. om Siz + neal fone enolt 
sj 


ios 81 tewoe gntghte ORenN 
| 


od Pes vba Se 6 sligeen 


= 
~ 


< 


a 


ane a) | \ >> how SREB Se qincs banfoeey 
, — belt 


= £ 
* ana o.. ee eee! noe ~~ £9 


\ é = 


ede 948 1060s eRe roa: yeas Fel 
cen sen stoelte Wee 

. ' pact 
ni 16. Jantede oad S424 bise 314913 0 


» 
« 
2 


F oo 
5 sittael ov @ ¥0'G Bh Seegge eh! lose ReBRe 
} . 


fv At aeis se oee BOVHGLIT sc. , 16005320 


_ 
seeds reibeeees)*@e €8 Yeoqds pes teeele 


-) 


‘fi sat Sp im Wei eagiieevat iett vw hie 
- eS a a 
T gn'tieter Fite etfetive reqgea: 


a» 
5 a 


er t ee. sagoitibBhs irae 


3 J} 
e; of €4 @10¢085 eff ©) eons? 1a 
y ot 


>o4 smataegia tengit of sexe! 


: ‘ -tcemabaut Glawateda*e! riar- 4 
ci ° o 
wleary 
‘ " =5 
tei’ foe titse of Deen eee OF efhiag youre’ 


iia gaiee Ae. es aaivis ong Simtel ed of Te 
/. 
pear i laotgetens’ ae cheb imine. es etait “i 


2s 


7 


ter hyealwme Stahion seeees Yo tert ¥ 
é i 


ei a 
‘ i" = 


ww o 
nmr 


> 


Rardin ae 


Aldalinity 


ToO*O 
TO°O> 
B°S 
0°?tZ 
TO°O> 
pO°O 
TO*O> 
SO°O> 


vz2°O 
LE-O 
0°9 
0°72 
TO°O> 
vO°O 
TO*O> 
SO*O> 


TO°O 
c0°O 
987 

Oct 
O°TS 
OTe 
0 26 
0° 8P 
OLeL 


uny puooss 
aye] puey 


c0°O 
T0°0O> 
p's 
O°6T 
TO°O 
SO*O 
TO°O> 
SO°O> 


EE =O 
G0 
9°S 
0°02 
TO°O 
SO°O 
TO*O> 
SO°Q> 


CLE. 

O° 6T 
0°OS 
O°9 

oer a=) 
O°ES 
SLL 


uny 4saTd 


LT°O 
vo°o 
(0) 1a 
O° Pr 
TO°O>? 
60°0 
TO*O> 
SO0°O> 


er 0 
idl Gals) 
Oe 4 
0°90 
TO°O> 
SO*O 
TO°O> 
SO0°0> 


oO 
tro 
Z9S 
Keyra 
0S z 
0°SZ 
Sbz 
SSz 
Zt°s 


uny puoses 


OT*O 
TO°O 
O° Ee? 
O°SS 
z0°O 
£€0°0O 
TO°O> 
SO°O> 


00°T 
L0°O 
0° 
O°SS 
c0°O 
po°o 
TO*O> 
SO°O> 


uny 3SATa 


eyemng eyeT 


OT°O 
TO*O> 
O°LT 
0°?? 
To°oO 
pO*O 
TO°O> 
SO*O> 


BE°O 
L0°O 
O°8T 
O°EP 
1O°O 
v0°O 
TO°O> 
SO°0O> 


cO°O 
£0°O 
€tv 
OTE 
O°ES 
8°?T 
66T 
TVt 
8E°S8 


uny puoses 


LEO od 
TO°*O UW 
O°8T BW 
O° 1-70) 
TO°O Late) 
€£0°O uz 
TO*O> PO 
SO°0O> qd 


(I/bu) suotjez}ZUSBDUOD TeIeW eTQNTOS 


CLT ed 
80°0O uW 
O°6T Bw 
O°LP ED 
z0°O nod 
p0°O uz 
TO*0O> Po 
S0°*0O> qd 


(1/bu) SuoTzezQUs.UOD TeIOW TeIOL 


- (1/bw) a-Vod 
- (1/6u) N-€HN 


PTE (wo/oyurn) ARZTATWZONpUOD 
0282 (1/bu) spt{Tos pepusedsns 
OF TS (1/bu) ejezFTNS 
O°OT (1/bu) eptzoTyD 
O6T (€ooeD I/bu) sseupzey 
O£T (fooed T/bu) ARTUTTeAXTW 
S6°L Hd 


uny 3S1Td 


uoqueD eyxeT 


setdues yng JO sOTASTASeQZoOeAeYD ARTTeNO 7A3937eM 


"T eTqeL 


21 


ia\oud até tag 
(xo \ortaay : ¢: 


7a res 
it\eu) onndseascacncd fa20K Lese 


. @0.0> 20.6 ' 720.0: 0.02 20.055 (o.0> a oe ae = 
I ¢ = 


£0:0> c.¢ (6.9, ry..0> 0.0: fo. o> ; -s ae - 
} 5 . Of en. Pee y.U , ‘ ; oes ss 
(o> as 0 [G.0> $00 it 0 yD 

“1% co Ce Oe 0.2 é "3 * , ; 


X 
ub mT 


a ae : ei {196 vicelof 


906°0 


vL6°0 


068°0 


y SuSXORO) Fe KO) 
eTdt3 Taw 


sso—T ateddods etTqntos jo a3zey = 3V/NOdLY 


(wo/oyun) AQTATJZONpuOD = Sy 
T/bw) spttTos pepuedsns = v.. 
(~o0e8)D se T/bul) ssoupzeyH = ty 
(fone se 1/6m) Aqtutteytw = °x 
(ssetaqun) Hd = 'x 
z c : v 3 i Z S 2 € “ 
Gare Scale tees FOGG 0) 8x99 CG = =x 969070) + ex cSVis0- (Aep/%) 3V/N0dLY 
- G c i - € : S : T . 
E2O0Gia— ex S69 — =X 166 6 + XX ELB807Od =occenOr+ exi6cecc JY pc=L Fe SSOT NOGL FUSsDAed 
iS OWAS = Sy PAOLO) ar ex BEG. 0; 4: bs BYE Ab ry zps'z + [x eb tp AU 7=L Fe SSOT NOdGL 7FUSs07ed 
suotjenby uotssaerboy eTqetzeA WUSpUuSedeq 


szejowerzeg ARTTenO AaRZeM OF ZOSdSeYy YUZTM SSOT AsddoD Fo stsATeuy uotsserzboey 


“¢ STqeL 


22 


: 4 side? . P iy i 


® i : ; be P <~ - 
ete teens ¢tifewy seted ot teqeas deiv- scat teqqo3 Yo alayland co wise te 
oem, Don 0 ) i ee . sin Ste Dita 


ie ate 4 i STP ghee ees ie tee : toh ce _ts 7? =? ge anand” wena 


e , . A? Oa . - , ite , tees Te ae (othe - fe : ’ : 
ad rh 4 He > = ie Ai) jv * at ak nit ) . . > /€S +4) T + oh j ea 3 nd 
. 1 J : : / ; F 
s&s ‘ 7 > » A pe i c e a, fe) i\ -— Ts 5 ' - ; ¥ aya 40 : r ; br h : - ‘ | 
ae eke bie ee eee es | (ym 


PERCENT SPECIES 


Figure 1. Speciation of copper (II) 
(total concentration 2 ppm) and carbonate 
as a function of pH (from Sylva, 1976) 


Note: A=Cu2+; 8=Cu2(OH)3+; C=CuOHt; D=CuCOs; E=HCOs ;F=H3CO;; 
G=pH at which Cu(OH), will precipitate; H=pH at which Cu3(OH)2(COs3)9 
will precipitate; and !=pH at which Cu,(OH)3COs will precipitate. 
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Figure 2. Sampling locations on Lake Canton, Lake Eureka, and Rend Lake 
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Lake Canton TDCu analysis of April 12, 1985 sampling 
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Rend Lake TDCu analysis of August 14, 1985 sampling 
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Figure 4. Average percent copper remaining in solution vs. 
CuS04°5H20/chelant ratio (w/w) for all lakes, both 
runs and 0.3 mg Cu/L spike 
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Figure 4. Concluded 
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Average percent copper remaining in solution vs. 
CuSO4°5H»0/chelant ratio (w/w) for all lakes, both 
runs and 0.2 mg Cu/L spike 
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Figure 5. Concluded 
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z COPPER REMAINING vs COPPER/CHELANT RATIO 
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Figure 6. Average percent copper remaining in solution vs. 
CuSO4-5H,O/chelant ratio (w/w) for all lakes, both 
runs and 0.1 mg Cu/L spike 
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Figure 6. Concluded 
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Figure 7. Average percent copper remaining in solution vs. 
CuS04:5H20/chelant ratio (w/w) for all lakes, both 
runs and all spike concentrations 
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Figure 7. Concluded 
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Figure 9. Percent copper remaining in solution vs. time for 


Cutrine dosages of 0.2, 0.5, and 0.8 mg Cu/L 
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Taste and odor problems that plague waterworks using impoundments as a source can most 
often be attributed to algal blooms, mainly blue-greens (Sigworth, 1957). These taste and 
odor problems are compounded by other problems such as reduced filter runs, increased 
chemical costs, etc. Physical solutions to the problems such as harvesting of algae or 
control of excessive nutrient inputs can be extremely costly and time consuming in 
comparison to chemical methods of bloom control. Although several types of algicides are 
commercially available, copper formulations seem to enjoy the greatest popularity due 

in part to their relatively low toxicity to higher organisms, particularly fish, when 
applied at accepted algicidal levels (Mackenthun and Cooley, 1952). It is evident from the 
results of this study that the formation of copper complexes, such as copper-citric acid 
and copper-TEA does slightly inhibit the precipitation of copper from natural waters. 
However, it is still a matter of debate as to the toxicity of these complexes in their 
role as algicides. Regardless of this issue, guidelines for the proper proportions of 
chelated copper formulations are a necessity in water treatment operations involving 
"on-site" preparations. This study indicates that any greater than a 1:5 (w/w) ratio of 
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reasonable range (1:0.5 to 1:3) of copper sulfate pentahydrate.tq chelant ratios. 
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